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We have examined and characterized the regulation by glucocorticoids of 
the levels of arginase and argininosuccinate synthetase in two 
rat hepatoma cell lines (H4-II-E-C3 and MHICI) . Hydrocortisone 
elevates the activity of both enzymes in a time- and dose -dependent 
fashion. This effect was blunted markedly by small amounts of ethanol (0.1 
to 0.9% [v/v] ) and blocked substantially by a high molar excess of the 
"anti- inducer" steroid f luoxymesterone . The other "optimal" inducers 
dexamethasone and corticosterone were as effective as hy 
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We present here the results of investigations conducted by ourselves and 
others on the regulation of the expression of genes encoding the enzymes of 
the mammalian urea cycle as manifest in cultured cells of both hepatic and 
extrahepatic origin. Upon consideration of the recently discovered discrete 
non-hepatic arginase genetic locus in man and our consequent hypothesis 
that the form of arginase thus transcribed in such extrahepatic cells 
functions principally in providing ornithine for protein anabolism and 
polyamine biosynthesis, rather than in detoxifying ammonia through urea 
formation, we have chosen instead to study permanent cell lines that are 
derived from liver and continue to perform a variety of hepatic functions 
in culture as experimental models for probing the molecular mechanisms 
underlying the control of ureagenesis within the mature liver cell. Of two 
such arginase-positive rat-hepatoma lines, we have characterized 
extensively in one (H4-II-E-C3) the mode of action of glucocorticoids in 
augmenting the cellular levels of this enzyme as well as of 
argininosuccinate synthetase . To this end, we have recently 
demonstrated that these stimulations are both mediated by binding of the 
hormones to classical cytoplasmic steroid receptors in a specific and 
saturable fashion and have thus concluded that the H4-II-E-C3 line will 
provide a suitable cell culture system for subsequent more detailed 
experiments from which the information garnered will continue to be 
relevant to the ureagenic pathway as modulated in the differentiated 
hepatocyte in vivo. 
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We have examined and characterized the regulation by glucocorticoids of 
the levels of arginase and argininosuccinate synthetase in two 
rat hepatoma cell lines (H4-II-E-C3 and MHICI) . Hydrocortisone 



elevates the activity of both enzymes in a time- and dose-dependent 
fashion. This effect was blunted markedly by small amounts of ethanol {0.1 
to 0.9% [v/v] ) and blocked substantially by a high molar excess of the 
"anti-inducer" steroid f luoxymesterone . The other "optimal " inducers 
dexamethasone and corticosterone were as effective as hydrocortisone in 
elevating the levels of these enzymes at saturating concentrations. 
Inhibition of these stimulations by cycloheximide indicated that ongoing 
cellular protein synthesis was required for both effects, and the admixture 
of extracts from fully stimulated and basal cells gave no evidence for the 
existence of direct inhibitors or activators of either enzyme. The results 
corroborate findings from earlier whole-animal studies and provide evidence 
for the following conclusions, (i) This stimulation by hydrocortisone of 
urea-cycle enzymes in the cultured hepatoma cells is mediated by a 
classical glucocorticoid mechanism involving initial binding to specific 
cytoplasmic steroid receptors and the eventual accumulation of new enzyme 
molecules. (ii) These cell lines thus constitute valid experimental models 
for use in further detailed studies on the molecular mechanism (s) through 
which glucocorticoids and intermediary metabolites effect a selective 
modulation of arginase and argininosuccinate- synthetase gene 
expression in the differentiated mammalian liver. 
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Human somatic cell variants resistant to the arginine analog, canavanine, 
express 200-fold increased levels of argininosuccinate 
synthetase (AS) mRNA as compared to parental cells. In this study we 
examined whether AS cDNA sequences contain cis-acting regulatory elements 
that are involved in the induction of AS mRNA in canavanine -resistant 
cells. Minigene constructs containing AS cDNA sequences under- the 
transcriptional control of a viral promoter were stably transfected into 
the human squamous cell carcinoma line, RPMI 2650. Upon conversion of 
cells to canavanine -resistance, expression of the endogenous AS gene 
increased by two orders of magnitude as expected. Surprisingly, however, 
expression of AS cDNA minigenes decreased 10- to 15 -fold in 
canavanine-resistant cell variants. The observed down -modulation of AS cDNA 
minigene expression was dependent upon a concomitant induction of the 
endogenous AS gene and not simply expression of the canavanine-resistant 
phenotype. This ' paradoxical regulation was specific for AS gene sequences 
since a minigene containing the neomycin-resistance gene in place of AS 
cDNA sequences failed to regulate. Furthermore, minigenes lacking a 
substantial portion of the AS cDNA also failed to exhibit the 
down-modulation. These findings suggest that expression of the human AS 
gene is regulated by a specific and limiting, positively-acting, 
trans-acting mechanism in canavanine-resistant cells and that exogenous AS 
cDNA (mRNA) sequences can compete for this mechanism. 
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The cDNA secjuence for human argininosuccinate synthetase (AS) 
was introduced into plasmid expression vectors with an SV4 0 promoter or 
Rous sarcoma virus promoter to construct pSV2 -AS and pRSV-AS , 
respectively, and human enzyme was synthesized after gene transfer into 
Chinese hamster cells. The functional cDNA was inserted into the retroviral 
vectors pZIP-NeoSV (X) and pZIP-NeoSV (B) . Ecotropic AS retrovirus was 
produced after calcium-phosphate-mediated gene transfer of these 
constructions into the packaging cell line psi-2, and viral titers up to 
10(5) CFU/ml were obtained. Recombinant AS retrovirus was evaluated by 
detecting G-418-resistant colonies after infection of the rodent cells, XC, 
NRK, and 3T3 . Colonies were also obtained when infected XC cells were 
selected in citrulline medium for expression of AS activity. Southern blot 
analysis of infected cells demonstrated that the recombinant retroviral 
genome was not altered grossly after infecting some rodent cells, while 
other cells showed evidence of rearrangement. A rapid assay for detecting 
AS retrovirus was developed based on the incorporation of [14C] citrulline 
into protein by intact 3T3 cells or XC cells. 

Expression of human argininosuccinate synthetase after 
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